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ABSTRACT
VLA maps of ammonia emission were made for the Galactic Center region. The NH3(1,1) and
NH3(2,2) transitions were observed in three 2
′×2′ fields covering Sgr A∗ and the region 3′ immediately
south of it. In the central 3 parsecs surrounding Sgr A∗ we find emission which appears to be associated
with the circumnuclear disk (CND), both morphologically and kinematically. This central emission is
connected to a long, narrow 2 pc×10 pc streamer of clumpy molecular gas located towards the south,
which appears to be carrying gas from the nearby 20 km sec−1 giant molecular cloud (GMC) to the
circumnuclear region. We find a velocity gradient along the streamer, with progressively higher velocities
as the gas approaches Sgr A∗. The streamer stops at the location of the CND, where the line width
of the NH3 emission increases dramatically. This may be the kinematic signature of accretion onto the
CND. The ratio of the NH3(2,2)/NH3(1,1) emission indicates that the gas is heated at the northern tip of
the streamer, located inside the eastern edge of the CND. The morphology, kinematics and temperature
gradients of the gas all indicate that the southern streamer is located at the Galactic Center and is
interacting with the circumnuclear region.
Subject headings: Galaxy : center — ISM : clouds
1. INTRODUCTION
Our Galactic Center has been under increasingly
intensive study of late as more sensitive instruments with
higher angular resolutions are brought to bear on the
region. Recent data suggest that many galactic nuclei
harbor massive black holes (Kormendy & Richstone 1995;
Ferrarese, Ford, & Jaffe 1996; Kormendy et al. 1996a;
Kormendy et al. 1996b; van der Marel, de Zeeuw, & Rix
1997), and there is mounting evidence that Sgr A∗, the
strong compact radio source at the dynamical center of
the Milky Way, is also a black hole with a mass of ∼2
106 M⊙ (Morris & Serabyn 1996; Eckart & Genzel 1997;
Genzel et al. 1997). Immediately surrounding Sgr A∗,
arc-shaped ionized gas streamers converge at the location
of the proposed black hole. These streamers may origi-
nate from the inner edge of the circumnuclear disk (CND)
(Genzel et al. 1985; Harris et al. 1985; Serabyn et al.
1986; Gatley et al. 1986; Gu¨sten et al. 1987; Sutton et al.
1990; Marr, Wright, & Backer 1993; Marshall, Lasenby,
& Harris 1995), where the gas on the inner edge is pho-
toionized and stripped off the disk, falling in towards the
nucleus. The CND is dense (105 cm−3), clumpy, and tur-
bulent with large line widths (≥40 km sec−1). Its inner
edge is located 1.5 - 2 pc from Sgr A∗, and it extends be-
yond 7 pc. The gas is predominantly moving in a circular
orbit, rotating around the nucleus at a velocity of ∼110
km sec−1. However, non-circular motions are also present,
and as the disk appears to be only semi-complete and the
gas is highly clumped, the CND does not appear to be
in equilibrium. The CND may be feeding the nucleus
through the ionized streamers (Gu¨sten et al. 1987), which
might be infall from the CND. The question remains as to
how the disk itself is fed.
Two giant molecular clouds (GMCs) lie near the
Galactic Center, the “20 km sec−1 cloud” (M-0.13-0.08)
and the “50 km sec−1 cloud” (M-0.02-0.07) (Gu¨sten,
Walmsley, & Pauls 1981). These clouds are physically
near the Galactic Center, and various studies have at-
tempted to establish the interactions of the GMCs, the
continuum Sgr A gas complex, and the CND and ionized
gas streamers surrounding Sgr A∗ (Ho et al. 1985; Liszt,
Burton, & van der Hulst 1985; Okumura et al. 1989;
Genzel et al. 1990; Zylka, Mezger, & Wink 1990; Ho et
al. 1991; Serabyn, Lacy, & Achtermann 1992; Dent et al.
1993; Marshall, Lasenby, & Harris 1995). Ho et al. (1991)
map in NH3(3,3) a long gas streamer which connects the
20 km sec−1 cloud to the location of the CND. They
propose that this gas streamer feeds the circumnuclear
region with gas from the 20 km sec−1 cloud. No veloc-
ity gradient along the streamer is detected within their
spectral resolution of 10 km sec−1, and no increase in line
width is seen, prompting an interpretation that the gas
is moving towards Sgr A∗ across the line of sight. Hints
of this streamer are also seen in HCN (Marr et al. 1995)
and submillimeter continuum emission (Dent et al. 1993).
However, these studies also find no clear velocity gradient
in the streamer along the line of sight.
In this paper we investigate the interactions between
the 20 km sec−1 cloud and the circumnuclear region in
order to question how gas is drawn into the CND. We also
compare the HCN information on the CND with our NH3
findings. Section 2 of this paper details our NH3(1,1) and
NH3(2,2) observations and data reduction. The results are
presented in Section 3 and discussed in Section 4, while
Section 5 outlines our conclusions.
1
22. OBSERVATIONS AND DATA REDUCTION
We observed the (J,K)=(1,1) and (2,2) metastable
transitions of NH3 emission on the night of Febru-
ary 10 of 1995 with the Very Large Array (VLA) in
C/D configuration.1 Our observing frequencies were
23.694495GHz and 23.722633GHz. We made three point-
ings with one field centered at (α, δ)=(17h42m29s.3,
-28◦59′17′′.0), the position of Sgr A∗, and two fields
centered at (α, δ)=(17h42m29s.3, -29◦00′18′′.6) and (α,
δ)=(17h42m29s.3, -29◦02′18′′.6), roughly one and three
arcminutes south of the first field. Our total spectral
bandwidth is 12 MHz, centered at vLSR= -10.56 km s
−1
for the northern and central field and vLSR= 31.14 km
s−1 for the southern field. At λ=1.3 cm the field-of-view
is 2′ as determined by the primary beam of the individual
antennas. The full resolution of our synthesized images
is ∼3′′.6×2′′.1 with a position angle of 44◦. Our spectral
resolution is 4.9 km sec−1.
We reduced the data within AIPS, flagging po-
tentially bad data surrounding the amplitude and phase
discontinuities in the calibrators. Our flux calibrator
was 3C286, and we tracked the antenna gain and phase
responses with the phase calibrator 1730-130. After cal-
ibrating the broadband data, we applied the calibration
tables to the line data, using the strong quasar 1226+023
as our bandpass calibrator. The continuum emission in
the northern two fields was subtracted from the line data
by averaging the u,v data in several off-line channels and
subtracting this from the u,v data of all of the line chan-
nels.
The data were imaged and analyzed with the
MIRIAD software package. To emphasize the extended
emission in our images we heavily tapered the u,v data by
convolving with a Gaussian function, resulting in a beam
size of ∼14′′×9′′ with a position angle of 12◦. In order to
avoid CLEANing regions of the “negative bowl” artifically
caused by the lack of short spacing information in the u,v
plane and to help the deconvolution algorithm interpolate
through the central hole in the u,v plane, we added a
flat offset from zero of 50 mJy across all of the spectral
images to bias the CLEANing towards positive emission.
This flat offset was subtracted out after CLEANing, and
we compared our data cube with images made without
zero spacing flux to check that source structure did not
change as a result of this process and did not depend on
the amount of zero spacing flux introduced. A variation
of this procedure using AIPS is described in detail by
Wiseman (1991) and Wiseman & Ho (1998) who provide
sample maps made with different amounts of added zero
spacing flux as well as with different deconvolution tech-
niques. This process does not intend to correct for the true
value of zero spacing flux in the source, and as a result we
estimate that as much as 1/2 to 2/3 of the total flux may
be missing in our maps due to extended structure not ad-
equately sampled because of the lack of short spacing data.
The u,v data from the northern two fields were im-
aged and deconvolved simultaneously as one image with
two pointings. When performing a joint mosaic, the imag-
ing software in MIRIAD corrects for primary beam at-
tenuation to within a certain noise limit, as set by the
theoretical noise of the individual pointings. As a result,
while most of the image is primary beam corrected, there
is residual attenuation at the edges of the mosaic. The far
southern field has a different vLSR and an offset velocity
coverage from the northern two fields, so the data from the
southern field were imaged and deconvolved separately. To
mosaic the subset of the data with overlapping velocity
channels in all three fields, we de-mosaiced the northern
two fields using the task DEMOS and then applied a lin-
ear mosaic of all three fields in the image plane using the
task LINMOS with the taper option, which creates final
images which have significant attenuation at the edges
(Sault, Staveley-Smith, & Brouw 1996).
3. RESULTS
3.1. Velocity-Integrated Map
Figure 1 presents the velocity-integrated NH3(1,1)
and NH3(2,2) emission from all three fields in contours
overlaid on a false color HCN map of the inner part of
the CND. The scale of this image is ∼9 pc×16 pc (using
R◦=8.5 kpc), and there is significant attenuation at the
edges of this mosaic so that only the highest signal-to-
noise features are seen here. The HCN emission (Marr,
Wright, & Backer 1993) has a beam size of 12′′×6′′, while
the NH3 line emission has a beam size of 14
′′×9′′, as seen
in the lower left corner of each image. A long narrow
north-south streamer can be seen in both NH3 maps. The
southern half of this streamer extends into the 20 km
sec−1 GMC, and the streamer ends to the north at the
location of the CND, precisely where little or no HCN
emission is seen (Marr, Wright, & Backer 1993; Jackson
et al. 1993). A semi-complete ring is mapped in NH3(1,1)
around the CND, extending roughly 2-4 pc from Sgr A∗.
The NH3(2,2) map shows a less-complete ring of emission
which closely follows the curve of the HCN emission on
the eastern and western sides. Most of the northern half
of the CND is missing in the NH3 maps, and this is al-
most certainly due to the limited spectral window of this
experiment. The HCN data show that emission in the
northeastern quadrant is predominantly at vLSR∼100 km
sec−1, which falls outside of our velocity coverage.
The size of the entire southern streamer connecting
the 20 km sec−1 GMC to the circumnuclear region is about
∼2 pc×10 pc, with many smaller clumps about 1 pc to 2 pc
in diameter. It is immediately clear from Figure 1 that the
greatest morphological differences between the NH3(1,1)
and NH3(2,2) emission is in the immediate neighborhood
of Sgr A∗ and the CND. The NH3(1,1) emission is fluffier
than the NH3(2,2), extending further out from the CND as
defined by the HCN emission. The NH3(2,2) gas appears
in projection to be concentrated near the inner edge of the
disk. In both maps the streamer has a large clump in the
north where the streamer meets the disk. The northern
tip of the streamer extends further into the interior of the
disk in the NH3(2,2) map. Both maps also show a dense
region of gas along the western side of the disk, near the
densest part of the CND itself. The NH3(1,1) emission
1The VLA is operated by NRAO and the Associated Universities Inc., under cooperative agreement with the National Science Foundation.
3continues on around the ring to the northwest at a larger
radial distance before sharply stopping where the CND
has two dense spots, one to the north of the other, where
little NH3(2,2) emission is seen.
Figure 2 overlays the same NH3(1,1) and NH3(2,2)
contours from the northern half of the streamer onto a
greyscale map of the ionized gas streamers which form a
mini-spiral centered at Sgr A∗ (Lo & Claussen 1983). It
has been proposed that the western streamer is the inner
photo-ionized edge of the CND and that the northern
and eastern streamers are infalling gas which has been
stripped off of the disk (Lacy, Achtermann, & Serabyn
1991). The northern part of the streamer reaches up past
the eastern arm of the mini-spiral. In the NH3(2,2) map
the small clump at the tip of the streamer resides in the
hollow area between the eastern and northern ionized gas
streamers. This is the same location as that of the ionized
gas and dust ‘tongue’ which is thought to be falling in
towards Sgr A∗ (Chan et al. 1997 and references therein).
On the western side of the spiral the NH3(2,2) emission
follows the outer edge of the western arm, which is also
the location of the inner edge of the CND. In the NH3(1,1)
map the northern part of the emission around the CND
reaches down in between the western and northern ion-
ized gas streamers. We find little emission in NH3(1,1)
and NH3(2,2) in the central parsec of the Galaxy.
3.2. Velocity-Integrated Map of the NH3(2,2)/NH3(1,1)
Ratio
The rotation temperature of the gas can be deter-
mined by comparing the observed brightness temperatures
of the two NH3 transitions, using the optical depth mea-
sured in the NH3(1,1) line. For a given optical depth, a
higher ratio of the NH3(2,2) to NH3(1,1) observed bright-
ness temperatures implies hotter gas. While in section
3.6 we calculate the rotation temperature for specific lo-
cations along the streamer where we can directly measure
the optical depth of the NH3(1,1) gas, here we present a
spatial representation of the NH3(2,2) to NH3(1,1) line
ratio seen in this region. In Figure 3 the contours map
the NH3(2,2) velocity-integrated emission in the northern
part of the streamer. This image has been primary-beam
corrected to within the theoretical noise limits, and we
present this map in order to investigate the low-level
emission around the CND, where the signal to noise is
not as high as in Figure 1. The NH3(2,2)/NH3(1,1) line
ratio is shown in greyscale emission, with the dark regions
tracing higher ratios where the gas is hotter. One can see
that the northern tip of the streamer is the darkest area
on the map, indicating that this gas is heated near the
nuclear region. There are also dark regions around the
inner edge of the northwestern part of the CND, and a
somewhat dark area in between the two largest clumps
in the streamer. Inter-clump heating of gas is commonly
seen, where the gas is externally heated (Wiseman & Ho
1998). Figure 4 presents the same greyscale map of the
NH3(2,2)/NH3(1,1) line ratio overlaid with contours of
both the ionized gas mini-spiral and the disk as mapped
in HCN. The heated tip of the NH3 streamer lies in be-
tween the eastern and northern ionized gas streamers in
the mini-spiral and is clearly located in projection inside
the CND, near the inner northeast edge of the disk. There
is another dark area of heated emission near the northeast-
ern side of the CND, though the signal-to-noise is lower in
this area of the map.
3.3. Spectra
To investigate the kinematics of the gas surrounding
the CND, Figure 5 presents selected NH3(1,1) spectra.
The NH3(1,1) velocity-integrated map shown here only
includes the northern two fields and has been corrected
for primary beam attenuation so that the signal-to-noise
is lower at the edges. We use this primary-beam corrected
map in order to probe the fainter emission around the
nuclear region, and we show spectra of several interest-
ing features around the CND. The semi-complete ring of
NH3(1,1) emission is clearly seen in the upper part of
the map, while the southern half of the streamer is cut
off to the south due to the edge of the primary beam in
the lower field. We note that in removing the continuum
emission, we subtracted the u,v data averaged over the
velocity range of -35 km sec−1 to -75 km sec−1 from all
the spectral channels. It is possible therefore that our
resulting line-only data may be missing some emission in
this velocity range.
One can see from the spectra that the highest flux
and signal-to-noise are found along the southern streamer.
Spectra J, K and L reveal that the gas in the streamer is
centered around a velocity of 25 km sec−1, with FWHMs of
30-40 km sec−1. These three FWHM measurements may
be overestimated due to blending with hyperfine struc-
tures, which we will discuss shortly when we present the
position-velocity diagrams in Section 3.4. In this figure,
as we approach the CND in spectrum M, the gas becomes
much more spread out in velocity space, with a FWHM
≥50 km sec−1. All of the other spectra which are near the
CND or within 1′ of Sgr A∗ show emission with very large
FWHMs. It is quite likely that some of the linewidths in
the nuclear region are underestimated in our experiment
due to our limited velocity range. HCN spectra from the
CND show that in the southwest region lines peak from
-60 km sec−1 to -120 km sec−1, while in the northeast
lines peak from 80 km sec−1 to 110 km sec−1. These ve-
locities are predominantly outside of our observed range,
and this appears to be the principal reason why our data
do not completely trace the CND. However, HCN spectra
from these regions also include broad wings of emission at
higher and lower velocities, and our spectra show emission
from these broad wings.
NH3(2,2) spectra from the two northern fields are
presented in Figure 6. Here again the strongest emission
is in the southern streamer, where the central velocity
feature is around 20-35 km sec−1. As also seen in the
NH3(1,1) emission, NH3(2,2) spectra near the nuclear re-
gion show an excess of emission with broad linewidths.
Most of the FWHM measurements in the NH3(2,2) spec-
tra are not affected by hyperfine blending, as the satellite
lines are resolved with our spectral resolution. A dra-
matic increase in the FWHM of the spectra can easily
be seen near the CND. To investigate low-level emission
we present spectra from features at one and two contour
4levels in the velocity-integrated images. Features seen at
two contour levels seem to have more significance than
those at one contour, based upon their spectra.
In order to verify that our continuum subtrac-
tion has been successful and that the passband correction
is reliable, we present spectra in Figure 7 taken from
randomly-selected areas where there is no emission seen
in the velocity-integrated maps. These spectra, plotted
to the same scale as in Figures 5 and 6, do not show
any residual emission, thus it appears that our continuum
subtraction was successful.
3.4. Position-Velocity Diagrams
Position-velocity diagrams are presented in Figure 8.
The locations of three position-velocity cuts are shown in
the NH3(2,2) velocity-integrated map at the left. The di-
agrams for these cuts are presented for both the NH3(1,1)
and NH3(2,2) data, along with the NH3(2,2)/NH3(1,1)
line ratio to examine the kinematics of the heated gas.
Position-velocity diagrams for cut ‘a’ taken north to south
along the northern half of the streamer are presented in
the top two rows, where the second row of diagrams has
been smoothed in the R.A. direction to bring out the
extended, tenuous emission. The top ‘a’ row and the di-
agrams for cuts ‘b’ and ‘c’ have had no smoothing applied.
In both the smoothed and unsmoothed data for
cut ‘a’, one can see a dramatic increase in linewidth in
the upper half of the diagrams. The gas approaches the
nuclear region at 30-35 km sec−1 with narrow linewidths,
∼10-15 km sec−1 as seen in the NH3(2,2) data. As men-
tioned before, the NH3(1,1) emission has a hyperfine line
7 km sec−1 away from the main line which causes ar-
tificial line broadening. The NH3(2,2) emission more
accurately reflects the inherent linewidths of the gas, as
the hyperfine structures are clearly resolved. Gas in the
northern tip of the streamer at the location of the CND
has very large linewidths, with emission seen across the
entire sampled velocity range from 60 km sec−1 to -25 km
sec−1. This extended emission is more clearly seen for the
NH3(2,2) transition than the NH3(1,1). The smoothed
NH3(2,2)/NH3(1,1) position-velocity diagram indicates
that the warmer part of the gas (dark in the greyscale
image) with large line widths is at negative velocities from
0 km sec−1 to -20 km sec−1. In the unsmoothed ‘a’ di-
agrams the region in between the two dense clumps of
gas in the streamer is seen at a higher flux level in the
NH3(2,2) data. This is reflected in the NH3(2,2)/NH3(1,1)
divided position-velocity diagram where there is a dark
region, indicating heated gas, at that location. In the
smoothed NH3(2,2)/NH3(1,1) diagram this region is not
as dark, probably because cooler gas surrounding this nar-
row region of heating has been included in the smoothed
diagram.
The next row shows diagrams from cut ‘b’ taken
northeast to southwest along the southern part of the
streamer. An overall redshift can be seen in both transi-
tions, moving from the southern part of the streamer up
to the north. In the NH3(2,2) diagram the southern part
of the streamer connects with the northern section at a
velocity of 30 km sec−1. This connection is stronger in
the NH3(2,2) image than in the NH3(1,1) diagram, as was
seen in the velocity-integrated map Figure 1, where this
inter-clump gas may be externally heated. At the lower
edge of the diagram a ‘C’ structure is visible in the gas,
where the central region of the cloud is blue-shifted along
the line of sight compared to the northern and southern
parts of the cloud. This feature can also be seen in the
next row of diagrams.
The bottom row is from cut ‘c’ taken east to west
across the southern edge of the streamer, in the 20 km
sec−1 GMC. The ‘C’ feature is prominent here in both the
NH3(1,1) and NH3(2,2) diagrams. This may be indicating
expansion where the central portion of the cloud is blue-
shifted towards the observer relative to the gas to the east
and west of it. The NH3(2,2)/NH3(1,1) diagram shows
that the blue-shifted gas in the center of the cloud and the
gas at the eastern edge of the cloud is hotter than the gas
along the western edge. Ho et al. (1985) suggest that a su-
pernova remnant may lie in the region south of the Sgr A
East continuum emission (roughly at RA=17h42m30s and
Dec=-29◦03′), just east of the bottom of the streamer.
They find evidence for an interaction such as a shock
front, which could be propagating into the molecular gas.
Our position-velocity diagrams are consistent with this
proposed idea. The gas in this region is clearly being
disrupted and heated, as our position-velocity diagrams
show, and the gas may become destabilized by the disrup-
tion. The immense gravitational pull of Sgr A∗ and the
central stellar cluster would then be able to strip the gas
off of the 20 km sec−1 cloud and pull it in towards the
nucleus along the streamer.
Hyperfine structures are clearly present in these
position-velocity diagrams. While the first hyperfine line
for NH3(1,1) emission is blended with the central line, the
second hyperfine line is located 19 km sec−1 away from
the central line and can be seen in these diagrams, most
clearly in the ‘a’ and ‘c’ cuts. Hyperfine lines for the
NH3(2,2) transition are located 17 km sec
−1 and 26 km
sec−1 away from the central line and can be seen in the
‘c’ (and to some extent in the ‘b’) diagrams. Hyperfine
features are also apparent in the spectra presented earlier
(Figures 5 and 6).
3.5. Velocity Dispersion Map
Figure 9 presents velocity dispersion maps for both
the NH3(1,1) and NH3(2,2) emission. These maps indi-
cate the dispersion of the gas around the central velocity
feature and therefore trace the line width of the emis-
sion, where the darker regions have greater line widths.
In both transitions the FWHM of the gas is largest in
the northernmost area around the CND, where emission
from both the western and eastern sides of the CND has
large line widths. This same increase in line width in the
nuclear region was seen in both the spectra and position-
velocity diagrams. Here we present a spatial map of this
feature, which can be seen to span the entire nuclear re-
gion. The gas at the lower edge of the streamer, in the
20 km sec−1 cloud, also shows an increase in line width.
5This is the region where we discussed in section 3.4 a pos-
sible disruption of the gas by a nearby supernova remnant.
3.6. Derived Parameters
We derive several physical parameters for the
gas along the streamer, where the signal to noise is high
and there is good agreement between the NH3(1,1) and
NH3(2,2) maps. We also compare our derived parameters
with those found by Okumura et al. (1989) for the north-
ern part of the 20 km sec−1 cloud. Optical depths can be
directly measured from the spectra, using the relative in-
tensity of the main and hyperfine lines. The optical depth
of the main line, τm(J,K), is derived with the following
equation (see Ho & Townes 1983),
∆T ∗a (J,K,m)
∆T ∗a (J,K, s)
=
1− exp[−τm(J,K)]
1− exp[−τs(J,K)]
, (1)
where ∆Ta
∗ is the observed brightness temperature, m
and s refer to the main and satellite components, and
τs(J,K)=aτm(J,K) is the optical depth of the satellite,
where a is the known ratio of the intensity of the satel-
lite compared with the main component. This equation
assumes equal beam-filling factors and excitation temper-
atures for the different hyperfine components.
We derive optical depths for the NH3(1,1) transi-
tion in each of the large cloud clumps along the streamer
where hyperfine lines are clearly seen in NH3(1,1) spectra.
We will refer to the northernmost clump, located at the
southeast edge of the CND where the streamer ends to the
north, as the northern cloud. The roughly spherical clump
(as seen in NH3(1,1)) directly below the northern cloud we
will refer to as the central cloud, while the larger elongated
southern half of the steamer will be called the southern
cloud. The southern cloud has two peaks of emission, and
this cloud corresponds to the northern part of the 20 km
sec−1 cloud. We derive optical depths for 44 locations
in the southern cloud, 28 locations in the central cloud
and 10 locations in the northern cloud, as seen in Figure
10. The individual optical depths are reported in Table
1, while the mean values are shown in Table 2, where we
derive the mean for the northern cloud using only the 5
optically thick estimates of the optical depth. The error
bars for the optical depth calculations vary across the
cloud, as the signal to noise changes. Near the peak emis-
sion of each cloud, where the signal to noise is highest,
the error bars are roughly ±0.2, whereas at the edge of
the cloud the error bars are ±0.9. Our optical depths for
the lower edge of the southern cloud agree well with the
those derived for the 20 km sec−1 cloud by Okumura et
al. (1989).
Rotation temperatures for the gas can be derived
if two or more NH3 transitions are observed. The ratio of
the observed brightness temperatures from the NH3(1,1)
and NH3(2,2) transitions are related to the rotation tem-
perature as follows (Equation 4 in Ho & Townes 1983),
TR(2, 2; 1, 1) = −41.5÷ ln
[
−0.282
τm(1, 1)
×
ln
(
1−
∆T ∗a (2, 2,m)
∆T ∗a (1, 1,m)
× (1− e−τm(1,1))
)]
. (2)
This equation assumes equal beam-filling factors and ex-
citation temperatures for the NH3(1,1) and NH3(2,2)
transitions. We calculate rotation temperatures for the
locations where we have derived optical depths and re-
port the values in Table 1. For both the southern and
central clouds we find a mean rotation temperature of 22
K, while for the northern cloud the mean is 32 K. Error
bars on these mean values are difficult to determine, as
the equation is non-linear and the rotation temperature
is highly sensitive to the ratio of the NH3(2,2)/NH3(1,1)
brightness temperatures. From the spread of the values of
TR(2,2:1,1) reported in Table 1, we estimate rough error
bars of -5K and +30K for TR(2,2:1,1). Our values for TR
for the southern cloud are consistent with those found by
Okumura et al. (1989).
From the rotation temperature we can estimate a
gas kinetic temperature, TK , using the TK - TR relation of
Danby et al. (1988). This TK - TR relation is calculated
for a ‘standard’ cloud and is not very sensitive to cloud
density or ammonia abundance, however, relations like
these may be highly model dependent. For the southern
and central clouds, where TR is roughly 15 K to 25 K, the
corresponding values for TK are 17 K to 35 K. For the
northern cloud, where TR varies from 15 K to 60 K, TK
ranges from 17 K up to 300 K, where TK becomes asymp-
totically large as TR approaches 60 K. Our estimates of
the gas temperature for the southern cloud agree well
with values reported by others for the 20 km sec−1 cloud,
which range from 20 K to 120 K (Okumura et al. 1989
and references therein). The kinetic gas temperature in
the 20 km sec−1 cloud seems to be greater than the dust
temperature (Mezger et al. 1986; Zylka et al. 1990), so
that there may be a difference in how the dust and gas are
heated. There are some locations where we can not derive
rotation temperatures. In these cases, the NH3(1,1) opti-
cal depth is large and the ∆ T ∗a (2, 2,m) to ∆ T
∗
a (1, 1,m)
ratio is greater than one. In the optically thick case, TR
becomes asymptotically sensitive to this brightness tem-
perature ratio, and we believe that noise is our limiting
factor for these few cases where we are unable to derive TR.
The excitation temperature of the gas is derived
using the following standard radiative transfer equation,
∆T ∗a = Φ[Jν(Tex)− Jν(Tbg)](1 − e
−τ ), (3)
where Tex is the excitation temperature, Tbg is the back-
ground temperature, and Jν is the Planck function. The
brightness and excitation temperatures for the peak emis-
sion in each cloud is shown in Table 2, where the error bars
on ∆Ta
∗ are roughly ±0.2 K, and the error bars on Tex
are ±0.4-1.0 K. In the equation used to derive Tex, Φ is
the beam-filling factor, which is ∼1 for an extended source
but may be <1 if there exists structure in the clouds on
a scale smaller than the synthesized beam. There is some
indication that full-resolution maps of our data (beam
size 3.8′′×1.7′′) show small structures at the peaks of the
clouds; therefore the beam-filling factor may be <1 and
our values for Tex may be underestimated.
6The column density, N(J,K), can be derived from
the observed optical depth and excitation temperature.
Townes & Schawlow (1955) relate τ , Tex and the column
density in the upper level of the transition, N1, as
τ(ν) =
c2hA1−0f(ν)N1
8piνkJν(Tex)
, (4)
where A1−0 is the Einstein coefficient for spontaneous
emission (1.67 10−7 s−1 for (J,K)=(1,1) and 2.23 10−7
for (2,2)) and f(ν) = (4ln2/pi)1/2(∆ν)−1 is the line
profile function for a Gaussian. We then assume that
N(J,K)=2N1(J,K), which should be valid because the in-
version doublet is only separated by ∼ 1K so that any
excitation should equilibrate between the two levels. Us-
ing the usual partition function, with TR=20K-30K, we
can estimate the amount of NH3 gas in each transition and
determine N(NH3) from N(J,K). If we then assume that
N(H2)=10
8N(NH3) (Serabyn & Gu¨sten 1986), we can
roughly estimate the molecular hydrogen column density
and use the spatial scale of the emission to find the mass
of the streamer. To estimate these parameters we use
the mean optical depth and peak excitation temperature
of each cloud. The results are shown in Table 2, where
the values for the mass are only rough estimates. Our
derived parameters for the southern cloud agree well with
those reported by Zylka et al. (1990), who find a mass for
the 20 km sec−1 of ∼3 105 M
⊙
. The good agreement in
masses implies that our assumed abundances are normal.
They report a column density of ∼3-8 1023 cm−2, which
is slightly lower than our value.
It is encouraging that our derived parameters for
the southern cloud agree well with several other reports
of the 20 km sec−1 cloud. Studies of NH3, CO, and dust
emission in the region all yield similiar numbers, indicat-
ing that there are not unusual chemical abundance effects
present and that the derived numbers are robust. NH3
emission in particular is able to clearly detect discrete
sources and dense cloud clumps in this region, whereas
often CO, HCN, and dust maps include fluffy, extended
emission which confuses source structure, especially on
fine scales.
4. DISCUSSION
Our results agree well with the general morphology
found by many other studies of the Galactic Center. The
morphology of the streamer as mapped in NH3(3,3) (Ho et
al. 1991) is similiar to our NH3(1,1) and NH3(2,2) maps.
We find little or no emission in NH3(1,1) and NH3(2,2) at
the location of Sgr A∗ and in the central parsec (Figure
2). Ho et al. (1991) also find a 1.5-2 pc cavity surrounding
Sgr A∗ with no NH3(3,3) emission in the nuclear region,
and Jackson et al. (1993) confirm that molecular gas is
not found in this cavity. The key results in this paper
concern the approach of molecular material toward this
central cavity.
4.1. The Case for Infalling Gas
Ho et al. (1991) discuss the possibility of gas
feeding the CND from the 20 km s−1 cloud via the south-
ern streamer. Other studies have since imaged the same
streamer, but none have found any kinematical or direct
evidence to support the suggestion of infall or accretion
(Marr et al. 1995; Dent et al. 1993). Whether this gas
streamer is seen only in projection against the Galactic
Center or whether it is actually approaching the central
mass concentration can only be determined if we detect
direct effects of the deepening gravitational potential well
on the purported infalling feature. Our new data support
this accretion theory with morphological, thermal, and
kinematic evidences:
(1) Our velocity-integrated maps show a long, narrow
streamer connecting the northern part of the 20 km sec−1
GMC with the CND region (Figure 1). It is of special sig-
nificance that the streamer stops at the CND. This can be
seen not only in the velocity-integrated map, but also in
the position-velocity diagrams for cut ‘a’ (Figure 8), where
the gas moving into the region at 30-35 km sec−1 clearly
stops to the north, while the gas above it has much larger
line widths. The comparison of the different NH3 transi-
tions suggests that the termination of the streamer is not
a temperature effect. The morphology of the streamer in
NH3(1,1) and NH3(2,2) agrees well with NH3(3,3), HCN
and sub-millimeter continuum studies.
(2) We find that the northern tip of the streamer,
located nearest to Sgr A∗ in projection, is stronger in
NH3(2,2) emission than in NH3(1,1), indicating that the
gas is heated (Figure 3). Other locations of heating ap-
pear around the CND. This would seem to indicate the
gas is located at the distance of the Galactic Center and
is being heated by nuclear processes.
(3) A velocity gradient is detected along the streamer.
In the northern part of the streamer we observe a gradient
of ∼5 km sec−1 arcmin−1 (Figure 8). Along the southern
half of the streamer (located in declination from -29◦01′
to -29◦03′) the gradient is ∼5-8 km sec−1 arcmin−1 seen
across ∼5 pc. This is in good agreement with the south-
west to northeast gradient of 5 km sec−1 arcmin−1 seen
in the 20 km sec−1 cloud by Okumura et al. (1989) and
the 11 km sec−1 arcmin−1 gradient seen by Zylka et al.
1990. The expected gradient at a radius of 5 pc for a
central mass of 107 M⊙ (including the central compact
source and stellar population, see Morris & Serabyn 1996;
Haller et al. 1996) is ∼9 km sec−1 pc−1, roughly 3 or 4
times more than we observe. Thus, our detected gradi-
ent suggests that if this motion is infall, the bulk of the
motion is across the line of sight, with the geometry such
that the streamer is more to the side of Sgr A∗ than along
our particular line of sight. The difference in the size of
the gradient seen in the northern part of the streamer as
opposed to the southern part may indicate a tilting in the
streamer, so that projection effects may result in the lower
gradient seen to the north. There may also be forces other
than gravity which need to be taken into account, such as
increased turbulence from supernovae and winds as well
as magnetic effects.
(4) Another handle on the kinematics is the ve-
locity dispersion of the observed motions. The streamer
ends to the north at the location of the CND, where we
7see in the position-velocity diagrams that the line width
increases dramatically (Figures 5, 6, 8). This increase in
line width has not been seen before. Other studies of the
southern streamer have coarser spectral resolutions than
our 5 km sec−1. It is expected that if the gas is moving
from the 20 km sec−1 cloud to the nuclear region, it would
interact with the CND and become disrupted, resulting
in an increase in the line width of the gas, regardless of
whether the motion is predominantly along or across the
line of sight. The disk is known to have inherently large
line widths around ≥ 40 km sec−1. Our detection and
measurement of a component with increased line widths
concretely place the northern tip of the streamer at the
location of the CND and are consistent with the gas in
the southern streamer accreting onto the CND. This kine-
matic evidence does not reflect chemistry or abundance
effects and is the strongest argument for the streamer
transporting gas to the nuclear region along the southern
streamer. The morphology and velocity gradient we see do
not argue alone that the streamer is falling in towards the
nuclear region; it is only when combined with the heating
seen and the increase in line width at the northern tip of
the streamer that the argument becomes strong.
4.2. Other Nearby Streamers?
Hints in our data show that there may be more than
one streamer flowing toward the nuclear region. The 20
km sec−1 cloud has a tuning-fork morphology which may
be indicating the presence of two streamers. The southern
edge of streamer which dips into the 20 km sec−1 cloud
has two separate elongated lobes of emission. These two
‘fingers’ pointing into the GMC can be seen clearly in
the velocity dispersion maps (Figure 9), where the dark
regions at the southern part of the map seem to separate
into two distinct regions of gas. There are also hints in
the velocity-integrated maps (Figure 1 and the NH3(2,2)
contours in Figure 3) that there may be a second streamer
connecting the northern section of this double-lobed part
of the 20 km sec−1 cloud to the nuclear region. Along the
western edges of the maps (e.g. RA=17h42m26s) there are
hints of a narrow line of gas originating from the north-
west of the 20 km sec−1 cloud and moving up towards
the southwestern quadrant of the CND. Both this second
western streamer as well as the main southern streamer
have been imaged in dust emission at 1.3mm by Zylka et
al. (1997), where their maps show remarkable agreement
with our NH3 emission.
Another feature at the one contour level in the
velocity integrated map which seems to be a real struc-
ture is the small spot of emission to the east of the 20
km sec−1 seen in both the NH3(1,1) and NH2(2,2) maps
(RA=17h42m32s). Spectra from this location indicate
a central velocity of ∼15-25 km sec−1. It is also worth
noting that this feature is seen clearly in the NH3(3,3)
data of Ho et al. (1991), where it is part of a ridge of gas
connecting the 20 km sec−1 with the 50 km sec−1 cloud.
The higher intensity of this feature in the NH3(3,3) line
suggests that it must be fairly warm.
5. CONCLUSIONS
Investigating connections between molecular mate-
rial in the nucleus of the Galaxy and the nearby 20 km
sec−1 GMC, NH3(1,1) and NH3(2,2) were observed with
the VLA using three overlapping 2′ fields at the Galactic
Center, surrounding Sgr A∗ and the region directly south
of it. We map a streamer which appears to be feeding
the nuclear region with molecular gas from the 20 km
sec−1 cloud. The long, narrow streamer is about 2 pc
east to west and 10 pc north to south and originates from
the northeastern edge of the 20 km sec−1 cloud, south
of Sgr A West. The streamer ends to the north at the
location of the CND, in the area where the least amount
of HCN disk flux is seen, just southeast of Sgr A∗. We
detect a clear velocity gradient along its length of ∼5-8
km sec−1 arcmin−1. The line widths of the gas increase
substantially in the northern portion of the streamer, with
FWHMs of ≥50 km sec−1, possibly signalling accretion
onto the CND. The gas at the location of the CND also
appears to be heated, as indicated by the ratio of the
NH3(2,2)/NH3(1,1) velocity-integrated emission. Addi-
tional faint streamers also appear to be link the 20 km
sec−1 cloud to the CND, suggesting possible other paths
of accretion. Our morphological, kinematical, and ther-
mal data strongly support the thesis that gas is falling in
towards the circumnuclear region from the 20 km sec−1
cloud along the southern streamer and accreting onto the
CND.
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9Fig. 1.— Velocity-integrated maps of NH3(1,1) and NH3(2,2) emission at the Galactic Center are shown in yellow contours overlaid on a
coded intensity color HCN image of the circumnuclear disk (CND). A gas streamer can be seen to the south of the CND, while a semi-complete
ring of NH3 emission closely follows the CND itself. Three 2′ fields have been mosaiced together, with the overlapping primary beams shown
as a dotted contour. These images have significant primary beam attenuation at the edges, and the noise level across the central region of
the image is .05 Jy beam−1 km sec−1. The solid contours are at integer levels of .4 Jy beam−1 km sec−1, and the 14′′×9′′ synthesized beam
is in the lower left corner.
Fig. 2.— Northern two fields of the velocity-integrated NH3(1,1) and NH3(2,2) emission in contours overlaid on a greyscale image of the
mini-spiral of ionized gas surrounding Sgr A∗. The contour levels are the same as in Figure 1.
Fig. 3.— NH3(2,2) primary-beam corrected emission is shown in contours overlaid on the NH3(2,2)/NH3(1,1) line intensity ratio in
greyscale. The NH3(2,2)/NH3(1,1) line ratio indicates heating, where the darker areas correspond to hotter gas. The hottest area is at the
northern tip of the streamer, where it reaches the CND. The greyscales are 0 to 50 Jy beam−1 km sec−1 for the NH3(2,2) emission and a
ratio of 0.5 to 6 for the divided NH3(2,2)/NH3(1,1) emission.
Fig. 4.— The NH3(2,2)/NH3(1,1) line intensity ratio (the same as in Figure 3) is shown in greyscale with contours of the ionized gas
mini-spiral on the left and the CND as seen in HCN on the right.
Fig. 5.— Selected NH3(1,1) spectra with Gaussian fits; the positions of the spectra are shown in the primary-beam corrected map. The
line widths of the spectra increase as the gas is located near the CND.
Fig. 6.— Selected NH3(2,2) spectra with Gaussian fits from a primary-beam corrected map.
Fig. 7.— Test of baseline subtraction using random NH3(1,1) and NH3(2,2) spectra from low-emission regions; there is no residual emission
above zero.
Fig. 8.— Position-velocity diagrams for NH3(1,1), NH3(2,2) and NH3(2,2)/NH3(1,1) emission; the second row for the cut ‘a’ has been
smoothed in the R.A. direction, while the other diagrams have no smoothing applied. North is up in the ‘a’ and ‘b’ diagrams, while east is
up for the ‘c’ diagrams. The NH3(2,2)/NH3(1,1) greyscale ranges from a ratio of 0.5 (light) to 3 (dark) with contours at 0.5 intervals, and
the contour levels for the NH3(1,1) and NH3(2,2) diagrams are at .2 Jy beam−1.
Fig. 9.— Velocity dispersion maps which trace line width gradients in the gas, where the darker areas indicate broader line widths. The
line widths increase in the nuclear area in both the NH3(1,1) and NH3(2,2) gas, as well as at the southern tip of the long, narrow southern
streamer. The greyscale is 0 km sec−1 (white) to 40 km sec−1 (dark).
Fig. 10.— The locations used to derive optical depths and rotation temperatures listed in Table 1 are labelled on a grey-scale velocity-
integrated map of the NH3(1,1) emission.
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Table 1
Derived Physical Parameters
Location a τ(1,1,m) ∆ T ∗a (1, 1,m) ∆ T
∗
a (2, 2,m) TR(2,2:1,1)
(K) (K) (K)
A ≪1 1.5 2.7 58
B 3.4 0.9 1.4 b
C ≪1 1.9 2.7 46
D ≪1 2.5 2.7 36
E ≪1 1.9 1.6 29
F 2.3 1.7 1.7 34
G 1.3 2.5 2.1 26
H 1.4 2.7 2.0 23
I 3.7 1.9 1.5 19
J 5.6 0.6 0.4 15
K 1.7 0.9 0.7 21
L 1.9 1.5 1.1 22
M 2.2 1.4 1.4 36
N 1.9 1.4 1.8 b
O 2.0 0.9 0.9 32
P 2.1 1.6 1.5 26
Q 2.2 2.4 1.9 23
R 2.5 2.4 2.0 23
S 1.3 2.2 1.7 25
T 2.0 2.0 2.0 32
U 2.3 3.2 2.7 24
V 1.6 3.4 2.5 22
W 0.9 3.0 1.9 22
X 1.7 3.5 2.6 23
Y 2.2 3.8 2.6 20
Z 3.4 3.5 2.2 16
a 2.9 2.9 2.1 19
b 4.0 3.4 2.6 18
c 5.8 3.4 2.6 15
d 5.0 3.2 2.3 15
e 3.3 2.4 1.5 17
f 2.0 1.1 0.6 17
g 3.0 1.7 1.0 17
h 1.8 2.4 1.7 21
i 1.9 3.0 2.7 27
j 2.9 3.2 3.1 29
k 0.3 2.9 2.6 31
l 1.3 2.2 1.5 22
m 3.1 1.2 0.8 18
n 6.3 0.8 0.8 21
o 4.0 1.1 0.8 16
p 4.1 1.1 0.8 16
q 4.2 1.3 1.1 19
r 4.1 1.5 1.0 16
s 6.0 1.4 0.9 14
t 6.2 1.0 0.9 18
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Table 1—Continued
Location a τ(1,1,m) ∆ T ∗a (1, 1,m) ∆ T
∗
a (2, 2,m) TR(2,2:1,1)
(K) (K) (K)
u 9.8 0.8 0.8 19
v 7.1 1.4 0.9 13
w 3.7 1.9 1.7 24
x 7.2 1.7 1.9 b
y 6.2 1.9 2.3 b
z 4.3 1.1 1.3 b
A 6.1 1.2 1.2 20
B 4.4 2.2 2.3 b
C 4.2 2.2 2.4 b
D 4.8 2.3 2.5 b
E 3.6 2.6 2.6 29
F 6.1 1.5 2.1 b
G 5.1 2.4 2.0 17
H 4.0 2.3 2.3 b
I 3.9 3.8 2.9 18
J 1.8 4.4 5.6 b
K 1.9 5.0 6.3 b
L 3.4 3.7 2.3 16
M 2.3 3.6 3.0 23
N 3.3 4.4 3.1 18
O 2.5 4.8 4.6 29
P 2.3 5.3 5.0 29
Q 1.7 5.0 4.6 28
R 1.3 2.4 2.7 39
S 1.2 2.1 2.3 40
T 2.2 3.1 3.4 60
U 2.9 2.1 2.1 34
V 2.3 3.0 2.5 23
W 2.1 3.2 3.8 b
X 0.9 1.7 2.1 48
Y 0.8 1.6 1.7 35
Z 0.9 1.4 1.2 26
a 0.8 1.3 1.2 28
b 1.5 1.0 1.2 61
c 0.8 1.5 1.6 34
d 1.2 1.4 1.8 90
e 1.2 1.5 1.8 53
aThe positions for each location listed here are shown in Figure 10
bRotation temperature can not be derived (see section 3.6 for discussion)
Table 2
NH3(1,1) Column Density and Mass Estimates
Cloud Mean τm Peak ∆Ta
∗ Peak Tex N(J,K) N(H2) Mass
(K) (K) (1015 cm−2) (1024 cm−2) (104 M
⊙
)
Northern 2.7 3.2 6.1 3.4 0.85 5.5
Central 2.4 3.8 6.9 3.4 0.81 6.2
Southern 3.5 5.3 8.2 6.0 1.4 23
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